Due to the recent increase in the consumption of ready-to-drink beverages containing green tea, a method for authenticating the tea cultivar indicated on product label is needed. However, methods for isolating DNA and identifying the cultivar of the green tea used in the beverage have not been reported. We developed a method to identify the cultivar used in green tea infusions using simple sequence repeat (SSR) markers. DNA extracts were obtained by freeze-drying green tea infusions, followed by isopropyl alcohol precipitation, cetyltrimethylammonium bromide extraction, and purification with a commercial kit. Some SSR markers could be amplified using the purified DNA as a template, and peak patterns were matched to patterns from DNA extracted from fresh leaves of cultivars. Application of this method to a commercial green tea beverage identified a monovarietal.
Introduction
Tea is a beverage made from the young shoots of tea plants [Camellia sinensis (L.) O. Kuntze]. Deeply fermented tea (black tea) is produced in south Asia and Africa; semifermented tea is produced in China and Taiwan. A third type of tea, non-fermented tea (green tea), is popular in East Asia countries, such as Japan and China (Xu and Chen, 2002) . Recently, green tea has been expanding globally beyond these areas based on the health benefit of green tea (Higdon and Frei, 2003 , Crespy and Williamson, 2004 , Harada et al., 2005 . In fact, the export of Japanese green tea to the United States as well as European and Asian countries has increased approximately 2-3 times in the 5-year period from to 2008 (International Tea Committee, 2009 ).
In recent years, ready-to-drink products containing green tea bottled in plastic bottles or cans have become increasingly popular, competing with traditional teapot and teacup products. In the last decade, the production of green tea drinks has increased more than three-fold in Japan; this increased drink production accounts for about a quarter of the total consumption of green tea leaves (Nihon Chagyou Chuoh-kai, 2011a) . As a health-beneficial beverage, these ready-to-drink products have the advantages of convenience and portability. In addition, regulation of the intake of bioactive compounds is possible by controlling the concentration of the compounds supplied to consumers. These bioactive compounds as well as compounds related to the characteristic aroma and taste of green tea are cultivar-dependent, and marketing strategies based on the particular components of green tea beverages will be increasingly important. Therefore, techniques for identifying the cultivars used in commercial green tea beverages will be required to avoid false labeling.
DNA fingerprinting is a good method for the certification of food labeling. The method is widely used for the detection tea factory of the Kanaya Tea Research Station.
Green tea beverages Plastic bottles of green tea beverages were purchased at a local supermarket.
Preparation of green tea infusion The following two preparation conditions were tested for six monovarietal green tea leaves: 5 g of tea leaves per 100 mL of water (condition 1) and 5 g of tea leaves per 500 mL of water (condition 2). These two proportions of tea leaves to water were the models of commercial green tea beverage production. In condition 1, distilled water was warmed to 60℃ in a water bath, the tea leaves were added to the hot water with stirring by a magnetic stirrer, and the tea leaves were held at 60℃ for 4 min in the water bath. Tea leaves that floated were immersed with a glass rod. The tea infusion was then transferred into a new glass beaker with a tea strainer and cooled to 20℃ or lower in ice bath. The cooled tea infusion was filtered through filter paper (No. 2, diameter = 15 cm, Toyo Roshi, Tokyo, Japan) and made up to 500 mL with distilled water. Sodium ascorbate (0.1 g) was added to the infusion, and the infusion was clarified with suction filtration through a micromembrane filter (cellulose acetate, pore-size 0.2 μm, diameter = 47 mm, Toyo Roshi, Tokyo, Japan) at room temperature. In condition 2, the method was the same as condition 1, except that no dilution was required.
DNA isolation from green tea infusion or bottled green tea beverage Green tea infusion or bottled green tea beverage was freeze-dried in a 2-L pear-shaped glass flask in a freeze-drier (FDU-2100, Eyela, Tokyo, Japan). The lyophilized powder was dissolved in 40 mL of distilled water. Thereafter, samples were assayed in polypropylene tubes. The solutions were divided into two 50-mL conical tubes and 2 mL of 3 M sodium acetate and 20 mL of isopropyl alcohol were added to each solution. Each mixture was further divided into two 50-mL centrifuge tubes and a total of four tubes were centrifuged for 15 min at 18,800 g at 15℃ (Himac CR21, Hitachi, Tokyo, Japan). The supernatant was discarded, the precipitate was washed with 4 mL of 70% ethanol (v/ v) , and the tubes were centrifuged for 5 min at 18,800 g at 15℃. After removal of the supernatant, the precipitate was dried under an air flow for few minutes. The precipitates from the four tubes were combined in 1 mL of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0).
The solution was divided into two 1.5-mL microcentrifuge tubes and an equal volume of 2 × CTAB buffer was added. The remaining procedures were the same as for the CTAB DNA extraction method for fresh leaves from tea plants (Kaundun and Park, 2002) . The final precipitates from the two aliquots were dissolved in 100 μL of TE buffer after drying under air for few minutes.
The extract was purified using QIAEX II Gel Extraction of genetically modified organisms (Ahmed, 2002 , Miraglia et al., 2004 and species or cultivar identification of various foods to prevent false labeling (Woolfe and Primrose, 2004) . DNA contained in all of the tissues of organisms and its sequence does not fluctuate with environmental and growing conditions. For cultivar identification of green tea leaves, cleaved amplified polymorphic sequence (CAPS) and simple sequence repeat (SSR) markers were developed and applied for commercial tea leaves (Kaundun and Matsumoto, 2003 , Ujihara et al., 2005 , Kaundun and Matsumoto, 2004 , Ujihara et al., 2009 . However, DNA isolation and cultivar identification of bottled green tea beverage have not been reported. The concentration of these characteristic constituents is low in bottled green tea beverages as the tea leaf/water ratio is smaller than that of green tea brewed using a teapot. In the standard beverage, 5 g of tea leaves are used to make 500 mL of infusion. On the other hand, in teapot brewing, 12 g of leaves are often used for 500 mL of hot water (Research Group of Green Tea Brewing, 1973) . In addition, beverage manufacturers remove fine dregs of leaf tissue or haze consisting of high molecular weight compounds by sedimentation, filtration, and centrifugation to make the green tea infusion clear to avoid claims of fungus contamination or tampering from consumers. These factors make it difficult to detect DNA from the tea beverage, in contrast to from tea leaves. Recently, DNA fingerprinting has also been applied for several processed foods such as olive oil, rapeseed oil, wine, and sake (Pafundo et al., 2005 , Pafundo et al., 2007 , Hellebrand et al., 1998 , Nakamura et al., 2007 , Ohtsubo et al., 2008 in which tissue residues are usually removed. In these cases, the isolation methods are specially designed for each food sample. Similarly, for green tea beverages, the development of a special method is required. In this report, we describe methods for isolating DNA from green tea infusions and for identifying material cultivars of green tea infusions, including commercial green tea beverages, using SSR markers.
Materials and Methods
DNA isolation from fresh leaves of tea plants DNA was isolated from the young leaves of tea plants collected at the Kanaya Tea Research Station of National Institute of Vegetable and Tea Science (Shizuoka, Japan) by the cetyltrimethylammonium bromide (CTAB) method (Kaundun and Park, 2002 ) and stored at 4℃ until analysis.
Monovarietal processed green tea leaves Monovarietal green tea leaves made from fresh leaves of six cultivars (Yabukita, Meiryoku, Okuhikari, Okumidori, Saemidori, and Sayamakaori) were produced by the usual manufacturing process for Japanese steamed green tea in an experimental diluted as necessary.
Results and Discussion
DNA isolation from green tea infusion and bottled green tea First, the method to isolate DNA from bottled green tea beverages was examined. In this study, small-scale green tea infusions prepared by two methods based on the manufacturing process were used as experimental models of the commercial tea beverages. In the first method, an infusion is prepared in high concentration with high tea leaf/hot water ratio, and diluted before bottling. In the other method, an infusion is prepared with a lower tea leaf/hot water ratio and bottled without dilution. Therefore, the model infusions in this study were also prepared in two tea leaf/hot water ratios (condition 1 and 2), which reflect the respective commercial manufacturing methods. Furthermore, the prepared infusions were filtered through a membrane filter of 0.2-μm pore size to remove the inclusions in accordance with the actual processes of tea bottling. The infusion was freeze-dried and the lyophilized powder was dissolved in sterilized water. The precipitate produced by adding isopropyl alcohol was dissolved in TE buffer and extracted by the CTAB method. Finally, the extracted DNA was purified by a commercial purification kit. The apparent DNA concentration, as determined by absorbance, and the A 260 /A 280 ratio and A 260 /A 230 ratios from each experimental model are shown in Table 1 . Approximately 6.4 ~ 58 μg of DNA was isolated from 500 mL of green tea infusion. The quantity and purity of the isolated DNA varied among samples; however, there were no significant differences for each tea leaf/hot water ratio. The yield of DNA was much lower than for direct DNA isolation from green tea leaves. In direct isolation, the apparent amount of isolated DNA was approximately 13.3 mg from 5 g of green tea leaves, calculated based on the yield from a single green tea leaf (Ujihara et al., 2005) . Next, this DNA isolation method was applied to commercial green tea beverages. Sixteen brands of green tea beverages packaged in polyethylene terephthalate bottles from ten Japanese manufacturers were used. For several brands, multiple samples were used for the experiments. The apparent concentration, A 260 /A 280 and A 260 / A 230 ratios of the DNA isolates are shown in Table 2 . The quantity and purity of the isolated DNA varied among samples, even within the same brand. For example, for the brand A-a, the estimated concentration of isolated DNA ranged from 65.1 to 2860 ng/μL among eight samples. In commercial beverages, the A 260 /A 230 ratio was lower than that of the model infusions, suggesting that more impurities remained in DNA isolated from commercial beverages. The electrophoresis image of DNA isolated from monovarietal experimental models and commercial bottled green tea beverages (Fig. Kit (QIAGEN, Tokyo, Japan). Buffer QX1 (300 μL) was added to the extract and 40 μL of QIA ExII was used for purification. Purified DNA was eluted twice by 40 μL of TE buffer. Approximately 75 μL of solution was collected. Other purification procedures were conducted as described in the manufacturer's instructions.
The concentration of purified DNA was determined using a spectrophotometer (NanoVue, GE Healthcare UK Ltd., Buckinghamshire, England).
Agarose gel electrophoresis of isolated DNA Agarose S (Nippon gene, Tokyo, Japan) was made to an 0.8% (w/v) gel with TAE buffer (40 mM Tris, 40 mM acetic acid, 1 mM EDTA). Both gel and buffer contained 50 ng/mL of ethidium bromide. Based on the measured concentration, approximately 200 ng of DNA was applied to each lane. Electrophoresis was carried out in a Mupid-2plus (Advance, Tokyo, Japan) at 100V.
Polymerase chain reaction and detection of polymorphism Seven CAPS markers (PALexon1/Hpa II, PALintron/Dde I, PALexon2/Taq I, CHS exon 2/Bsp HI, CHS exon 2/Rsa I, DFR intron 3/Hind III, and DFR intron 4+5/Hpa II) and 9 SSR markers (TMSLA10-S, TMSLA10-L, TMSLA13-S, TMSLA13-L, TMSLA17, TMSLA37-S, TMSLA37-L, TMSLA55, and SSR-1) which had been used previously for cultivar identification of tea leaves were tested. To detect CAPS polymorphisms, restriction-digested PCR products were electrophoresed on an agarose gel containing ethidium bromide. To detect SSR polymorphisms, fluorescentlabeled primers were used in PCR, and PCR products were electrophoresed with an ABI 310 genetic analyzer (Applied Biosystems, Foster City, CA, USA). Conditions used to amplify CAPS Matsumoto, 2003, Ujihara et al., 2005) and SSR (Ujihara et al., 2009 ) markers were detailed in previous reports. For the amplification of SSR markers, 100 − 300 ng of DNA isolated from green tea infusions or commercial beverages were used as templates in 15-μL reaction mixtures. As a positive control, 10 ng of DNA from fresh leaves of tea plants were used. KOD (Toyobo, Tokyo, Japan) was used for SSR amplification. When TaKaRa ExTaq (Takara, Shiga, Japan) was used instead of KOD, reaction mixtures were prepared to contain 0.25 μM of each primer, 0.2 mM of dNTPs, 2 mM of MgCl 2 , 1 × ExTaq buffer, 0.025 U of TaKaRa ExTaq in a 15 μL volume made up by distilled water. PCR cycles were as described above. In addition, a primer pair designed to amplify a 123-bp fragment including SSR in chloroplast genome of tea plant was used (forward primer: HEX-TTAGACGAGATTTTACGAACAAAAA; reverse primer: CCGAATAAACATATAAATCGAATCAC). PCR conditions were the same as for other SSR markers using KOD (Ujihara et al., 2009 ), although template DNA was manufacturing, or the DNA in the infusion may have been degraded during heat sterilization and with longer storage. Average pH values were 5.97 (range, 5.78 to 6.17, n = 12) for the experimental green tea infusion and 6.06 (range, 5.78 to 6.27, n = 11) for the commercial green tea beverage. This condition is more acidic than the usual DNA storage condition; thus, the DNA might be gradually degraded during storage. The experimental green tea infusion was used for DNA isolation immediately after preparation, while the commercial beverage was used after a longer storage time because 1), shows that the DNA samples were highly degraded and appeared to have fragment lengths around 100 bp. Based on the concentration estimated by spectrophotometry, the same amount of DNA was used for each lane; however, the intensity of the spots varied among the samples. This was due to impurities in the samples, as suggested by UV spectrophotometry. Compared to the experimental green tea infusion, DNA of the commercial beverage was highly degraded. This may be because only lower molecular weight DNA remained in the infusion after the clarifying process of the beverage T. ujiHara et al. the template improved amplification in preliminary experiments. Among the nine tested SSR markers, most of the DNA isolations from the monovarietal tea infusions showed the same peak patterns as the DNA isolated from fresh leaves (Fig. 2A) ; however, the peak patterns of DNA infusions and fresh leaves did not match in TMSLA13-S, TMSLA13-L, and TMSLA55. In TMSLA13-S, a putative non-specific artifact was detected in Yabukita (Fig. 2B) and it caused allele peaks of this marker that could not be definitively identified. In TMSLA13-L, the peak pattern of Meiryoku was revealed as A, while the DNA from the infusion of the same cultivar showed peak pattern A-2/A (Fig. 2C) . In TMSLA55, a small artifact peak of allele A appeared in Meiryoku, which naturally does not have allele A (Fig. 2D ). For these three SSR markers, the templates were diluted with distilled water and 1, 10, and 50 ng of DNA were tested again. The same results were obtained, except for the trial with 1 ng of DNA for which no amplification was observed. Despite performing the same experiment using TaKaRa ExTaq as a DNA polymerase, the peak patterns were indistinguishable and could not be analyzed (data not shown). These results suggest that TMSLA13-S and -L are not suitable for cultivar identification of green tea beverages. Sixteen leading Japanese tea cultivars, including the six cultivars used in this study, can be identified without the use of these two markers. For TMSLA55, because the peak of allele A was isolated from other allele peaks, and the cultivar which was the homozygote of allele A was not detected among the previously reported 16 leading cultivars, allele A could be eliminated from the fingerprinting set. As described above, the isolated DNA was highly degraded and the CAPS fragments of long length could not be amplified. In addition, SSR marker polymorphisms were detected by a fluorescence labeling method with higher sensitivity than for the CAPS markers migrating in agarose gel with ethidium bromide staining. Although the DNA isolated from the experimental green tea beverage model was highly degraded, the original cultivars could be identified by SSR fingerprinting. Next, the cultivar identification of the commercial green tea beverage was performed using the SSR markers. To evaluate applicability of isolated DNA for cultivar identification, these were tested by 2 SSR markers (TMSLA13-L and TMS-LA10-L). The approximate fragment sizes of these markers were 160 bp for TMSLA13-L and 105 bp for TMSLA10-L, and each sample was tested for whether amplified fragments were yielded or not. In Table 3 , the number of samples which yielded longer fragments, had failed amplification for longer fragments but successful amplification for shorter fragments, and failed amplification for both fragments are shown. For most samples, amplification of longer fragments was sucthe beverage had been produced in a factory.
Amplification of DNA markers and cultivar identification of green tea infusion and commercial green tea beverage
The isolated DNA was used for the amplification of previously-reported DNA markers to identify the cultivar. The CAPS markers detected by agarose gel electrophoresis with ethidium bromide staining and the SSR markers detected by DNA sequencing with fluorescence-labeled primers were examined. The CAPS markers (approximate fragment size: 200 − 1500 bp, Kaundun and Matsumoto, 2003) were not amplified (data not shown). On the other hand, the amplified fragment length of SSR markers is smaller than 200 bp (Ujihara et al., 2009) . In this study, based on the apparent concentration, 100 ng of DNA was used as the template of the SSR amplification. Generally, a small amount, such as 10 ng, of DNA is used for SSR amplification, but in the case of DNA isolated from green tea infusions, amplification with 10 ng/reaction of template DNA often failed, and increasing Cultivar Identification of Green Tea Infusions Approximately 200 ng of DNA was applied to each lane. (A) Isolated DNA from monovarietal green tea infusion. M1: 1 kb DNA Ladder (NEB), M2: 100 bp DNA Ladder (NEB), 1: fresh leaf of Yabukita, 2: processed leaf of Yabukita, 3: infusion of Yabukita in 100 mL of hot water, 4: infusion of Yabukita in 500 mL of hot water, 5: infusion of Okuhikari (100 mL), 6: infusion of Okuhikari (500 mL), 7: infusion of Okumidori (100 mL), 8: infusion of Okumidori (500 mL), 9: infusion of Meiryoku (100 mL), 10: infusion of Meiryoku (500 mL), 11: infusion of Saemidori (100 mL), 12: infusion of Saemidori (500 mL), 13: infusion of Sayamakaori (100 mL), 14: infusion of Sayamakaori (500 mL). (B) Isolated DNA from commercial green tea beverage. M1: 1 kb DNA ladder (NEB), M2: 100 bp DNA ladder (NEB), 3: A-a, 4: B-a, 5: C, 6: D-a, 7: E, 8: F, 9: G, 10: H, 11: I, 12: J, 13: K (Saemidori). cessful and these, therefore, seem useful for SSR fingerprinting. Amplification of longer fragments failed for 6 of the 34 samples for which amplification was achieved for the shorter fragment only, and 2 samples from the same brand of a manufacturer did not yield amplified fragments. One of 2 samples contained relatively low amounts (apparent concentration was 65 ng/μL) and purity (A 260 /A 280 ratio was 1.52, A 260 /A 230 ratio was 0.641) of DNA. Another sample contained relatively high amounts (apparent concentration was 783 ng/μL) and purity (A 260 /A 280 ratio was 1.77, A 260 /A 230 ratio was 1.84) among the DNA samples in this study. To suppress the effect of putative PCR-inhibiting impurities, the template DNA solutions were diluted 10-fold (65 ng/μL sample) and 80-fold (783 ng/μL sample) with distilled water. And for the use of approximate 6 and 10 ng sample as the template, no fragments were produced. These samples were successfully amplified by a primer pair for SSR in the chloroplast genome. The failed amplification might be due to using an amount of DNA that is too small to include the full template of SSR fragment. Whether these results are due to different beverage preparation condition of manufacturers or due to isolation methods was unclear. Among the 16 brands used for DNA isolation, only one brand was monovarietal and was identified as cultivar Saemidori. The SSR peak patterns of the DNA samples from the Saemidori beverage and fresh Fig. 3 . Amplification of simple sequence repeat markers using DNA of the commercial monovarietal green tea beverage of Saemidori as a template.
Upper: fresh leaf, lower: beverage. In TMSLA17, small artifact peak was detected (indicated by the arrowhead). by a commercial kit for freeze-dried green tea infusions or commercial bottled green tea beverages, DNA was isolated from these samples and the SSR fragments were amplified. The DNA from experimental monovarietal green tea infusions showed the same peak patterns for some SSR markers as for fresh leaves of material cultivars and, therefore, the material cultivars of bottled tea beverages can be identified. Furthermore, this method could be used to identify the material cultivars of a commercial monovarietal green tea beverage. On the other hand, given the method generalization, the development of suitable DNA markers is necessary because commercial green tea beverages are generally made by blending several material cultivars. The SSR markers used in this study did not show allele peaks with wide ranging size differences and, therefore, each allele peak could not identified in blended commercial green tea beverages, although some of the samples gave amplification products. In addition, most of the SSR markers used in this study had a dinucleotide repeat motif that caused stutter peaks, which make the isolation of allele peaks difficult. The development of suitable DNA markers will enable the individual identification of material cultivars of general commercial green tea beverages. Even so, the DNA isolation methods for green tea infusions, including commercial beverages, developed in this study will be suitable as a general technique.
leaves of the cultivar are shown in Fig. 3 . TMSLA13-S and -L were eliminated. TMSLA37-L was not amplified in the beverage (data not shown). The bottled beverage of cultivar Saemidori showed the same peak patterns as that of the fresh leaves of the cultivar in most amplified markers; however, in TMSLA17, the small artifact peak was detected in the beverage (indicated by arrowhead). To examine the effect of impurities in isolated DNA, it was diluted with distilled water based on the apparent concentration and 10, 50, and 100 ng of DNA were tested again. The same test was performed using TaKaRa ExTaq. Only 100 ng of DNA amplified by KOD yielded the fragments shown. This marker is not suitable for cultivar identification of green tea beverage. Nonetheless, Saemidori and 15 leading Japanese cultivars can be identified by five SSR markers which showed the exact peak patterns. This result demonstrates that the cultivar of the commercial beverage can be identified by this method. In other commercial beverages, several material cultivars were blended; thus, individual identification of the blended cultivars was difficult. However, SSR is highly polymorphic and some Japanese cultivars show specific allele peaks in some SSR markers. For example, Yutakamidori has the specific allele in marker TMSLA10-L (Ujihara et al., 2009 ) and some commercial samples show this allele peak (Fig. 4) . In such cases, the SSR marker can be used to identify the material cultivars used in the manufacturing the green tea beverage.
In conclusion, by sequential treatment with isopropyl alcohol precipitation, CTAB extraction, and purification Some samples gave a unique peak of allele A + 6, which was detected in Yutakamidori (indicated by the arrowhead).
